bleaching.
These stresses have very different histories and gradients at different sites, allowing separation of their effects. Mass coral bleaching is apparently a novel phenomenon of the past decade. Non-parametric statistical analysis of relative stresses at the 11 sites shows that its pattern in space and time is unrelated to previously existing stresses.
Methods
Diving as a long-term ecological research tool was started in Jamaica in 1951 by the late Thomas F. Goreau. Its use by his col? leagues and students may make Jamaican reefs the longest directly observed submarine ecosystem.
During the 1950s and 1960s reefs all around Jamaica were photographed, mapped, bathymetrically profiled, and their species and ecology described (Goreau, 1956 (Goreau, , 1959 Goreau and Goreau, 1973; Goreau, unpublished (Goreau, 1956 (Goreau, , 1963 Porter, 1985) , radio-isotopes (Goreau and Goreau, . Good indicator spe? cies of sediment and sewage stress are also found among some sponges which are zoned along stress gradients (Goreau, 1992) . This paper summarizes general islandwide changes over the past 40 years seen by repeated direct observation, focusing on eleven sites (Fig. 1) . These sites, about a fifth of those examined, were chosen because they are representative of larger areas or have strong gradients in various stress factors. Their ecoiogical history has been followed over all or most ofthe period. Although all stresses probably act to some degree at all sites, their intensity and duration vary greatly among sites, allowing effects of major stresses to be separated.
Comparative
Environmental Histories of Sites
1) Hellshire
Hellshire is the most intensely and longest stressed reef site in Jamaica. Over a million people, or half the island's population, live nearby. Kingston Harbour outflow is pushed directly towards these reefs by currents. These reefs are exposed to the most polluted waters in Jamaica, into which almost all the for airport construction and ship channel maintenance has caused episodic impacts from resuspended sediment plumes. In the early 1950s the reefs of Hellshire were sub? ject primarily to high turbidity, and had probably been so for at least three centuries. Dominant corals were those adapted to high energy and high turbidity.
Open exposure to the east causes heavy wave activity under all but calmest conditions. Much damage occurred after Hurricane Charlie in 1951 (Goreau, 1956) . During the 1950s these reefs were gradually overgrown by algae, and by the mid 1960s were largely dead. (Goreau, 1956 ). Following hurricane rains in 1963, exten? sive local bleaching occurred (Goreau, 1964) . Very little Acropora is now to be seen, sediment stress is very high, the coral fauna is primarily made up of sediment-tolerant corals, and the sponge and gorgonian bio? mass exceeds that of corals. Mass coral bleaching has only slightly affected these reefs. During the 1989 bleaching event, when around 80% of corals along the north coast were bleached, frequency of bleaching in the Cays was no more than 5%, and water tem? peratures were noticeably colder on the south coast reefs.
2) Port Royal Cays

3) Eastern Portland
These reefs lie along the most exposed coasts on the island, subject to full force of hurricanes and tropical storms arriving over open water. Wave action is dangerously strong at most times, and reflected by mas? sive boulders and slumped reef blocks underwater (Goreau, 1956; Goreau and Goreau, 1973) . The corals are a veneer of wave-adapted species rather than a true constructional reef framework. This area is upstream from all human influence in Jamaica, and lies near the rainiest part of the island (over 7 meters per year, around 2 centimeters per day). The area is virtually uninhabited, densely-forested limestone mountains with little soil. Tourism is extremely low due to isolation, poor roads, and heavy rains. Rivers draining non-limestone areas to the southwest contribute minor sediment, and the major freshwater influence is from strong groundwater springs, driven by high rainfall and steep hydraulic gradients.
Nitrate contents of these springs are only one tenth that of limestone aquifers on the north coast (Lapointe and Goreau, in preparation).
The area has bleached synchronously with reefs all along the North Coast of Jamaica, and sites in Cayman, Florida, and the Bahamas. Little deterioration has been noted in this area except for mass bleaching.
4) Ocho Rios
These reefs were among the first to have species composition and zonation described in detail (Goreau, 1956 (Goreau, , 1959 . There is no surface drainage, but strong groundwater springs occur underwater and on land, con?
taining very high levels of nitrate (UNDP, 1974; . In the early 1950s these were among the best reefs in Jamaica, with vigorous reef growth, high species diversity, and stunning underwater caves and canyons (Goreau, 1956 (Goreau, , 1959 ing has not been noted at Discovery Bay, but mass bleaching has been severe. Growth rates of bleached and unbleached popula? tions of different color morphs of Montastrea annularis were followed from 1987 to 1991. Bleached corals cease growth (Goreau and Macfarlane, 1990) , and many are being overgrown by algae, especially in damselfish territories (Goreau, in preparation).
7) Rio Bueno
This site is only a few miles downcurrent from Discovery
Bay. There is no tourism, a very small old town in ruins, and a former sugar port whose heyday had passed by 1850. Reef growth is exceptionally vigorous, and submarine relief is spectacular.
Conditions differ from nearby Discovery
Bay since a large river enters the bay. Its source is an inland spring derived from rivers vanishing into sinkholes in central Jamaica.
The watershed is largely forested, with small farms in valleys, and some cattle grazing. River water is usually clear or green, but turns red following heavy rains. There is a strong freshwater stress gradient in the bay, and strong but episodic sediment stress. These reefs underwent severe local bleach?
ing following Hurricane Gilbert, being affected by muddy freshwater flows for sev? eral weeks. Reefs upcurrent from the river mouth were not affected. Rio Bueno reefs have also been affected by mass bleaching, and thus have bleached now for five years in a row (1987) (1988) (1989) (1990) (1991) Coral growth rates are the most rapid measured in Jamaica . Reefs are affected primarily by fishing and by mass bleaching. Sediment stress is confined to local river mouth sites, where local bleach? ing may also have occurred.
Algal over? growth appears relatively low. Because these may be some of the best reefs in Jamaica they need to be closely monitored for long term and short term changes, and protected before they are damaged by external stresses. 
10) Negril
Reefs at
11) Western Westmoreland
The coastline in this area has only recently been connected by road, and is one of the least populated and developed shorelines in Jamaica. Reefs are not affected by stresses from Negril Bay because of strong current flow. Reef growth is vigorous but shallow. The shore line is rocky, with few beaches. The exposed location and large amounts of Bleaching was about twice as common as in Negril Bay at the same time, in marked contrast to the high anthropogenic stresses at the latter area. Almost all species of hermatypic corals had at least some partially bleached individuals (Table  1) , but these estimates are certainly too low because most bleached corals were in recovery phases, and many had recovered in previous weeks after a long period of very hot, calm weather was ended by a severe storm with record floods.
Discussion
Of the many stress factors operating at each site, only two, hurricane damage and epidemic mortality of Diadema, have had Table 3 Mass coral reef bleaching has a unique pattern. It first appeared in Jamaica in 1987, followed by repeated events in 1989, 1990, and 1991 (Table 4) 15) The net impact of all stresses is accelerating decline of reef health around the island, especially during the last five years.
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